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ORIGINAL

DATE

REVISION

NUMBER

REVISION

DATE

S1.01 ROOF FRAMING PLAN 12/28/2021

GENERAL NOTES

REVISION CLOUD 
AND NUMBER

1

NEW CONSTRUCTION

EXISTING CONSTRUCTION
OR PROVIDED BY OTHERS

SECTION 
REFERENCE

1

S0.00

1

S0.00

ELEVATION 
REFERENCE

1

S0.00

GENERAL VIEW 
REFERENCE

G1   THIS DESIGN CONSIDERED THAT THE EXISTING BALLAST WILL REMAIN. 

G2 CONTRACTOR SHALL FIELD VERIFY EXISTING STRUCTURAL CONDITIONS. IF ANY 
DISCREPANCY OCCURS BETWEEN EXISTING CONDITIONS AND PROPOSED 
ALTERATIONS, CONTRACTOR SHALL CONTACT  STRUCTURAL ENGINEER
BEFORE PERFORMING ALTERATION WORK.

GENERAL NOTES:

LEGEND:

ELEMENT BEYOND/
OPTIONAL

DESIGN LOADING CRITERIA

A. APPLICABLE BUILDING CODES:
I. 2015 INTERNATIONAL BUILDING CODE AS AMENDED BY WISCONSIN 

COMMERCIAL BUILDING CODE SPS 361-366
II. ASCE 7-10 MINIMUM DESIGN LOADS FOR BUILDING AND OTHER STRUCTURES

B. RISK CATEGORY: IV

C. DEAD LOADS: SELF WEIGHT OF THE STRUCTURE PLUS AN ASSUMED 
COLLATERAL LOADS OF:
I. MECHANICAL DUCTS = 1.5 PSF 
II. ELECTRICAL = 2.0 PSF 
III. MISC = 1.0 PSF 
IV. SOLAR PANEL, MOUNTING HARDWARE AND BALLAST BLOCK = 4 PSF

D. LIVE LOADS
I. ROOF LIVE LOADS

a. CONSTRUCTION = 20 PSF (REDUCIBLE)

E. SNOW LOAD DATA
I. SNOW IMPORTANCE FACTOR: IS = 1.2
II. EXPOSURE FACTOR: Ce = 1.0
III. THERMAL FACTOR: Ct = 1.0
IV. GROUND SNOW LOAD: Pg = 30 PSF 
V. FLAT ROOF SNOW LOAD: Pf = 30 PSF 
VI. DRIFTING, SLIDING AND UNBALANCED SNOW LOADS:

IN ACCORDANCE WITH ASCE 7

F. WIND LOAD DATA
I. WIND IMPORTANCE FACTOR = 1.0
II. WIND EXPOSURE CATEGORY = B
III. ULTIMATE DESIGN WIND SPEED: Vult = 120 MPH, 3 SECOND GUST
IV. NOMINAL DESIGN WIND SPEED: Vasd = 93 MPH, 3 SECOND GUST
V. APPLICABLE INTERNAL PRESSURE COEFFICIENT: GCpi = +/- 0.18

G. EARTHQUAKE DESIGN DATA
I. SEISMIC IMPORTANCE FACTOR = 1.5
II. SEISMIC DESIGN CATEGORY = C
III. SITE CLASS = D
IV. SPECTRAL RESPONSE ACCELERATION:

a. SHORT PERIOD, SS = 0.084g
b. 1 SECOND PERIOD, S1 = 0.046g

V. DESIGN SPECTRAL RESPONSE ACCELERATION:
a. SHORT PERIOD, Sds = 0.09g
b. 1 SECOND PERIOD, Sd1 = 0.073g

X## KEYNOTES

KEYNOTE SYMBOL LEGEND:

WA WHERE APPLICABLE

* DENOTES ELEMENT SIZE AND INFORMATION IS PROVIDED 
ON PLAN AND/OR APPLICABLE SCHEDULES.

EXISTING(E)

SCALE:  1/8" = 1'-0"
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ROOF ANALYSIS



Project Summary
Adding (2) solar arrays to roof of existing structure. Mounting equipment does not require direct
attachment to deck and is secured using ballast blocks. Additional load to deck and framing is 4 PSF.

Fire Station 2 Existing Roof Analysis
Original Design Loads

Snow load
Ground snow load = 30 PSF
Roof snow load = 30 PSF per original plans
Drift at each array:  
Height of each array = 1.1', no additional drift at each array

Dead load
3" Tectum + 1-1/4" urethane = 5.5 PSF + 1 PSF = 6.5 PSF
EPDM membrane + roof ballast = 5.5 PSF
MEP = 1.5 PSF
DL = 13.5 PSF

Compare applied loads to allowable loads using H-series joist tables.

Array 1 and 2:
28H9 joist @ 5' O.C.
Span = 49'

Max. allowable loads from H-series table
Total load = 278 PLF
Live load (for L/360 deflection) = 144 PLF
No ceiling attached to H-joists, can use live load for L/240 deflection: (144 PLF)(1.5) = 216 PLF

Max. applied loads
DL = 15.2 PLF + (17.5 PSF)(5 FT) = 102.7 PLF
LL = (30 PSF)(5 FT) = 150 PLF

Total load = 150 PLF + 102.7 PLF = 252.7 PLF < 278 PLF OK
Live load = 150 PLF < 216 PLF OK

28H10 and 28H11 acceptable by inspection.

W16x31 Beams: 
Longest span = 19.5'
Roof tributary = 3.6'

Beams acceptable as shown.
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Steel Beam
DC ENGINEERINGLic. # : KW-06015046

DESCRIPTION: EXISTING W16x31

Software copyright ENERCALC, INC. 1983-2020, Build:12.20.8.24
File: Fire_Station2_Existing_Beams.ec6

Project Title:
Engineer:
Project ID:
Project Descr:

CODE REFERENCES
Calculations per AISC 360-16, IBC 2018, CBC 2019, ASCE 7-16
Load Combination Set : ASCE 7-16
Material Properties

Analysis Method :
ksi

Bending Axis : Major Axis Bending
Beam is Fully Braced against lateral-torsional buckling
Allowable Strength Design Fy : Steel Yield : 36.0 ksi

Beam Bracing : E: Modulus : 29,000.0

.Service loads entered. Load Factors will be applied for calculations.Applied Loads
Beam self weight calculated and added to loading

Uniform Load :  D = 0.01750,  Lr = 0.020,  S = 0.030 ksf,  Tributary Width = 3.60 ft, (ROOF + ARRAYS)

.Design OKDESIGN SUMMARY
Maximum Bending Stress Ratio   = 0.099 : 1

Load Combination +D+S

Span # where maximum occurs Span # 1
Location of maximum on span 9.750ft

1.970 k
Mn / Omega : Allowable 97.006 k-ft Vn/Omega : Allowable

W16x31Section used for this span

Span # where maximum occurs
Location of maximum on span

Span # 1

Load Combination +D+S
62.964 k

Section used for this span W16x31
Ma : Applied

Maximum Shear Stress Ratio = 0.031 : 1

0.000 ft

9.601 k-ft Va : Applied

0 <360
3855

Ratio = 0 <240.0

Maximum Deflection
Max Downward Transient Deflection 0.032 in 7,209Ratio = >=360
Max Upward Transient Deflection 0.000 in Ratio =
Max Downward Total Deflection 0.061 in Ratio = >=240.
Max Upward Total Deflection 0.000 in

.Maximum Forces & Stresses for Load Combinations

Span #
Summary of Moment ValuesLoad Combination Summary of Shear ValuesMax Stress Ratios

M V Mmax -Mmax + Rm VnxMa Max Mnx/Omega Cb Va MaxMnx Vnx/OmegaSegment Length
D Only

Dsgn. L =   19.50 ft 1 0.046 0.015 4.47 4.47 162.00 97.01 1.00 1.00 0.92 94.45 62.96
+D+Lr

Dsgn. L =   19.50 ft 1 0.081 0.026 7.89 7.89 162.00 97.01 1.00 1.00 1.62 94.45 62.96
+D+S

Dsgn. L =   19.50 ft 1 0.099 0.031 9.60 9.60 162.00 97.01 1.00 1.00 1.97 94.45 62.96
+D+0.750Lr

Dsgn. L =   19.50 ft 1 0.073 0.023 7.03 7.03 162.00 97.01 1.00 1.00 1.44 94.45 62.96
+D+0.750S

Dsgn. L =   19.50 ft 1 0.086 0.027 8.32 8.32 162.00 97.01 1.00 1.00 1.71 94.45 62.96
+0.60D

Dsgn. L =   19.50 ft 1 0.028 0.009 2.68 2.68 162.00 97.01 1.00 1.00 0.55 94.45 62.96
.

Location in SpanLoad CombinationMax. "-" Defl Location in SpanLoad Combination Span Max. "+" Defl
Overall Maximum Deflections

+D+S 1 0.0607 9.806 0.0000 0.000
.

Load Combination Support 1 Support 2
Vertical Reactions Support notation : Far left is #1 Values in KIPS

Overall MAXimum 1.970 1.970
Overall MINimum 0.550 0.550
D Only 0.917 0.917
+D+Lr 1.619 1.619
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Steel Beam
DC ENGINEERINGLic. # : KW-06015046

DESCRIPTION: EXISTING W16x31

Software copyright ENERCALC, INC. 1983-2020, Build:12.20.8.24
File: Fire_Station2_Existing_Beams.ec6

Project Title:
Engineer:
Project ID:
Project Descr:

Load Combination Support 1 Support 2
Vertical Reactions Support notation : Far left is #1 Values in KIPS

+D+S 1.970 1.970
+D+0.750Lr 1.443 1.443
+D+0.750S 1.706 1.706
+0.60D 0.550 0.550
Lr Only 0.702 0.702
S Only 1.053 1.053
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Existing Tectum Roof Deck Analysis:
Maximum applied load = DL + SL = 17.5 PSF + 30 PSF = 47.5 PSF
See below for deck capacity
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20914_i thru L-11  10/17/03  3:34 PM  Page LT-47
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20914_i thru L-11  10/17/03  3:34 PM  Page LT-48

Page 6 of 15



LT-49

20914_i thru L-11  10/17/03  3:35 PM  Page LT-49

Page 7 of 15



 

Design Criteria 
 
 
 
 
 
 
 
 
 

SOLAR PANEL AND
MOUNTING INFORMATION



LEGEND:  Base System Part  AccessoryBILL OF MATERIALS 
PART
NUMBER PART TYPE DESCRIPTION QUANTITY

SUGGESTED
QUANTITY

UNIT PRICE
(USD)

TOTAL LIST PRICE
(USD)

UserSuppliedBallast Block Ballast Block 75 75 0.00 0.00

310710 Ballast Bay RM Ballast Bay 10 Degree 59 59 42.63 2515.17

310760 RM Roof Pad RM Roof Pad 118 118 2.23 263.14

310750 Module Clip RM Module Clip 180 180 1.58 284.40

310751 RM Hex Bolt RM Hex Bolt (Module Clip) 180 180 0.94 169.20

This design is to be evaluated to the product appropriate Unirac Code Compliant Installation Manual which references International
Building Code 2009, 2012, 2015, 2018 and ASCE 7-05, ASCE 7-10, ASCE 7-16 and California Building Code 2010, 2016. The installation of
products related to this design is subject to requirements in the above mentioned installation manual. 

 
U-BUILDER PROJECT REPORT

VERSION: 3.1.6

PROJECT TITLE

ROOFMOUNT RM10
PROJECT ID

EF551222
CREATED

Sept. 28, 2021, 1:46 p.m.

NAME Fire 2 Draft

ADDRESS Monona, WI 53713, USA

CITY, STATE Madison, WI

MODULE Hanwha/Q-Cells Q-PEAK DUO L-G5.2 380

Designed by wmcmahon@cityofmadison.com

ROOFMOUNT RM10

Hanwha/Q-Cells

38 - Q-PEAK DUO L-G5.2 380

824.50 ft

14.44 KW

2

BASE SYSTEM PRICE $2968.77
$0.206 PER WATT

ACCESSORIES PRICE $263.14
$0.018 PER WATT

TOTAL PRICE $3231.91
$0.224 PER WATT
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QTYDETAILED PARTS DESCRIPTION 

Ballast Block  UserSupplied  Ballast Block  

Standard 4x8x16 inch cap blocks. Nationwide availability. Please confirm the weight of your
ballast block as this will affect the total blocks required for your installation.

75 

Ballast Bay  310710  RM Ballast Bay 10 Degree  

Aluminum ballast bay attaches to north and south module edges (for 10 degree tilt
installations) and provides ballast placement location.

59 

RM Roof Pad  310760  RM Roof Pad  

TPE 201-73 BK Santoprene Roof Pad. PLEASE NOTE: Depending on your roof type and
seismic conditions, some quantity of roof pads may be required. These will be listed
separately on your bill of materials.

118 

Module Clip  310750  RM Module Clip  

Aluminum clip fastens module frame to ballast bay and provides bonding path from module
to bay to module.

180 

RM Hex Bolt  310751  RM Hex Bolt (Module Clip)  

Hex bolt with integrated locking patch.

180 
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ENGINEERING REPORT

AVERAGE PSF 3.84 psf 

53713

Plan review

TOTAL NUMBER OF MODULES 38

TOTAL KW 14.44 KW

TOTAL MODULE AREA ~1349 ft

TOTAL WEIGHT ON ROOF 5180 lbs

RACKING WEIGHT 207 lbs

MODULE WEIGHT 1968 lbs

BALLAST WEIGHT 2888 lbs

MAX BAY LOAD (DEAD) 132 lbs

Loads Used for Design

BUILDING CODE ASCE 7-10

BASIC WIND SPEED 115.00 mph

GROUND SNOW LOAD 30.00 psf

SEISMIC (SS) 0.08

ELEVATION 871.00 ft

WIND EXPOSURE B

MRI 25

RISK CATEGORY II

VELOCITY PRESSURE, QZ 15.4 psf

Loads Determined by Zip 

CITY, STATE Madison, WI

BASIC WIND SPEED 115.00 mph

GROUND SNOW LOAD 30.00 psf

2

Inspection

PRODUCT ROOFMOUNT RM10

MODULE MANUFACTURER Hanwha/Q-Cells

MODEL Q-PEAK DUO L-G5.2 380

MODULE WATTS 380 watts

MODULE LENGTH 79.30"

MODULE WIDTH 39.40"

MODULE THICKNESS 1.38"

MODULE WEIGHT 51.80 lbs

BALLAST BLOCK (CMU) WEIGHT 38.5 lbs

MAX BLOCKS PER BAY 4

BUILDING HEIGHT 20.00 ft

ROOF TYPE MINERAL_CAP

PARAPET HEIGHT <= 1/2 Array Height (<= 6 inches)
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Roof Area 1 - Array 1

Roof Area 1 - Array 2

AVERAGE PSF 3.91 psf 

TOTAL NUMBER OF MODULES: 18

TOTAL KW: 6.84 KW

TOTAL AREA: 642 ft

TOTAL WEIGHT ON ROOF: 2511 lbs

RACKING WEIGHT: 98 lbs

MODULE WEIGHT: 932 lbs

BALLAST WEIGHT: 1425 lbs

ATTACHMENT COUNT

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 26

MAX NUMBER OF EAST-WEST COLUMNS: 115

*In jurisdictions that follow SEAOC PV-1 methodology. 

AVERAGE PSF 3.78 psf 

TOTAL NUMBER OF MODULES: 20

TOTAL KW: 7.60 KW

TOTAL AREA: 707 ft

TOTAL WEIGHT ON ROOF: 2670 lbs

RACKING WEIGHT: 109 lbs

MODULE WEIGHT: 1036 lbs

BALLAST WEIGHT: 1463 lbs

ATTACHMENT COUNT

2

MINIMUM SEISMIC SEPARATION (UNATTACHED ARRAYS) *

ARRAY TO ARRAY: 3.0"

TO FIXED OBJECT ON ROOF: 6.0"

TO ROOF EDGE WITH QUALIFYING PARAPET: 6.0"

TO ROOF EDGE WITHOUT QUALIFYING PARAPET: 9.0"

MAX ARRAY (SEISMIC) (FOR UNATTACHED ARRAYS) *

MAX NUMBER OF NORTH-SOUTH ROWS: 26

MAX NUMBER OF EAST-WEST COLUMNS: 115

*In jurisdictions that follow SEAOC PV-1 methodology. 
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RM10 U-BUILDER PRODUCT ASSUMPTIONS

RM10 – Ballasted Flat Roof Systems

Limitations of Responsibility: It is the user’s responsibility to ensure that inputs are correct for your specific project.
Unirac is not the solar, electrical, or building engineer of record and is not responsible for the solar, electrical, or building design for this
project.

Building Assumptions

1. Risk Category III
2. Building Height ≤ 50 ft
3. Building Height > 50 ft: only where (longest length of building x building height)^0.5 ≤ 100 ft
4. Roof Slope ≥ 0° (0:12) and ≤ 3° (5/8:12) for Seismic Design Category C, D, E and F. For low seismic regions Seismic Design Category A and

B (provided Array Importance factor = 1.0), Roof Slope ≥ 0° (0:12) and ≤ 7° (1 1/2:12).
5. Roofing Material Types: EDPM, PVC, TPO, or Mineral Cap
6. Surrounding Building Grade: Level

Ballast Blocks

The installer is responsible for procuring the ballast blocks (Concrete Masonry Units – CMU) and verifying the required minimum weight
needed for this design. CMU should comply with ASM standard specification for concrete roof pavers designation (C1491 or C90 with an
integral water repellant suitable for the climate it is placed. It is recommended that the blocks are inspected periodically for any signs of
degradation. If degradation of the block is observed, the block should immediately be replaced. 
The CMU ballast block should have nominal dimensions of 4”x8”x16”. The actual block dimensions are 3/8” less than the nominal
dimensions. Ballast blocks should have a weight as specified for the project in the “Inspection” section of this report. 

Design Parameters

1. Risk Category I to III
2. Wind Design 

a. Basic Wind Speed: 85-120 mph (ASCE 7-05)/110-150 mph (ASCE 7-10)/90-180 mph (ASCE 7-16)
b. Exposure: B, C or D (ASCE 7-05/ASCE 7-10)
c. 25 year Design Life/50 year Design Life for ASCE 7-16
d. Elevation: Insertion of the project at - grade elevation can result in a reduction of wind pressure. If your project is in a special

case study region or in an area where wind studies have been performed, please verify with your jurisdiction to ensure that
elevation effects have not already been factored into the wind speed. If elevation effects have been included in your wind
speed, please select 0 ft as the project site elevation.

e. Wind Tunnel Testing: Wind tunnel testing coefficients have been utilized for design of the system. 
3. Snow Design 

a. Ground Snow Load: 0-80 psf (ASCE 7-10/ASCE 7-16)
b. Exposure Factor: 0.9
c. Thermal Factor: 1.2
d. Roof Snow Load: Calculation per Section 7.3 (ASCE 7-05/ASCE 7-10/ASCE 7-16)
e. Unbalanced/Drifting/Sliding: Results are based on the uniform snow loading and do not consider unbalanced, drifting, and

sliding conditions
4. Seismic Design 

a. Report SEAOC PV1-2012/ASCE 7-16 SECTION 13.6.12 – Structural Seismic Requirements and Commentary for Rooftop Solar
Photovoltaic Arrays

b. Seismic Site Class: A, B, C, or D (ASCE 7-05/ASCE 7-10/ASCE 7-16)
c. Importance Factor Array (lp): 1.0
d. Importance Factor Building (le): 1.0
e. Site Class: D

Properties

1. Bay Weight: ~3.5 lbs
2. Module Gaps (E/W) = 0.25 in
3. Bays: North row bays overhang the module by ~19.5 inches.

Module Properties

1. Module return flange: Minimum of 0.9in (when using 1-3/4 in. clip bolts) is required.
2. Module return flange: Minimum of 0.65in (when using 2 in. clip bolts) is required.
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Testing

1. Coefficient of Friction
2. Wind Tunnel
3. UL 2703
4. Component Testing (Bay and Clamp)

Setbacks

For the wind tunnel recommendations in U-Builder to apply, the following setbacks should be observed/followed  for 
U-Builder wind design:

1. Modules should be placed a minimum of 3 feet from the edge of the building in any direction.
2. If the array is located near an obstruction that is 3.5 feet wide and 3.5 feet high or larger, the nearest

module of the array must be located a distance from the obstruction that is greater than or equal to  the height of the obstruction.
Exception: When using ASCE 7-16 Building Code and using the obstruction feature in the module editor to accurately model the size and
location of obstruction. 

3. Installations within the setbacks listed above require site specific engineering
4. The setbacks above are for wind. High seismic areas, fire access isles, mechanical equipment, etc., 

may require larger setbacks than listed above for wind. 

Site Specific Engineering

Conditions listed below are beyond the current capabilities of U-Builder. Site specific engineering is required.

1. Wind designs for a project design life exceeding 25 years
2. Building assumptions and design parameters outside of U-Builder assumptions
3. Attachments
4. Risk Category III or IV projects (U-Builder can be adjusted for the correct wind, but not the seismic or snow design)  
5. Wind tunnel testing reduction factors are not permitted by the Authority Having Jurisdiction  (AHJ)
6. Seismic designs that fall outside SEAOC PV1-2012/ASCE 7-16 SECTION 13.6.12 recommendations (>3% roof slope, or AHJ’s that 

require shake table testing or non-linear site-specific response history analysis)  
7. Signed and sealed site-specific calculations, layouts, and drawings

Notes:

Please contact info@unirac.com.
 Please contact EngineeringServices@unirac.com for  more information. 
Please contact Theresa Allen with PZSE Structural Engineers  at theresa@pzse.com. These items

will require direct coordination with PZSE to complete the requested services. 

2

1/ASCE 7-16
2

2
2

3

3
3

1
2
3
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INSTALLATION AND DESIGN PLAN

Roof Area 1 / Roof Area 1 - Array 1

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 6 7 12 462

2 6 7 9 347

3 6 7 9 347

4 0 7 7 270

LEGEND 

Module 

1 Standard corner bay with CMU block count 

4 Supplemental bay with CMU block count 

NOTE 

Blocks above with values greater than 4 require extra ballast bays, except north-most bays which require extra bays for values greater than 6.
The proper number of bays are provided in the Bill of Materials. The installer must install these extra bays as near to the indicated location as
possible. 

Install roof pads to every bay. 

NS DIMENSION ~ 16.20 ft

EW DIMENSION ~ 39.78 ft
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Roof Area 1 / Roof Area 1 - Array 2

Layout Dimensions

ROW MODULES BAYS BALLAST BLOCKS (CMU) BALLAST WEIGHT (LBS)

1 4 5 8 308

2 4 5 5 193

3 6 7 9 347

4 6 7 9 347

5 0 7 7 270

LEGEND 

Module 

1 Standard corner bay with CMU block count 

4 Supplemental bay with CMU block count 

NOTE 

Blocks above with values greater than 4 require extra ballast bays, except north-most bays which require extra bays for values greater than 6.
The proper number of bays are provided in the Bill of Materials. The installer must install these extra bays as near to the indicated location as
possible. 

Install roof pads to every bay. 

NS DIMENSION ~ 21.06 ft

EW DIMENSION ~ 39.78 ft
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